
ABSTRACT - 

Dur ing  t h e  d o c k i n g  o p e r a t i o n  o f  t h e  Apol3 o c o n f i  g u r a -  

t i o n s ,  a s e v e r e  l o a d i n g  c o n d i t i o n  c a n ' o c c u r  d u r i n g  t h e  o p e r a t i o n  

loads, however t h e  d e s i g n  l o a d s  for t h e  A A P  M u l t i p l e  Docki.ng 

A d a p t e r  d o c k i n g  t u n n e l s  are  based  on d o c k i n g  impac t  r a t h e r  t h a n  

l a t c h  l o a d s .  As such  t h e  l a t c h i n g  l o a d s  c o u l d  i m p a c t  t h e  p r e s e n t  

s t r u c t u r a l  d e s i g n  o f  t h e  Dlu l t i p l e  DockLng Adap te r .  E f f o r t s  s h o u l d  

b e  made t o  cva l .ua te  the d o c k i n g  i n t e r f a c e  l n a d s  for t h e  A A P  

c o n f i g u r a t i o n s ,  due t o  l a t c h L n g  o p e r a t i o n ,  t o  d e t e r m i n e  t h e  mag-- 

n i t u d e  o f  t h e  loads i n v o l v e d .  
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SUBJECT: I n t e r f a c e  L a t c h i n g  Loads 
Case 6 2 0  

I n  t ro d.u c t j. on 

A p r e s e n t a t i o n  was made by J .  Ko tanch ik ,  C h i e f ,  
S t r u c t u r e s  and Mcchaii:ics D_i.v:i.s:'~on, MSC,  a t  t h e  A p o l l o  1 0  

and  t e s t  r e s u l t s  of  CSM/LM i n t e r r a c e  l a - t c h t n g  l o a d s .  T h e  
Apo l lo  Conf i g u r a t l o n s  adequate1.y d e s i g n e d  f o r  t h e s e  
l o a d s ,  however ,  b a s e d  on  present1.y s p e c i f i e d  l i m i t  l o a d s  f o r  
t h e  AAP program,  t h e y  could s e v e r e l y  impac t  t h e  p r e s e n t  
s t r u c t u r a l  d e s i g n  o f  t h e  AAP c o n f i g u r a t i o n s .  T h i s  
meinorandurii r e v t e w s  t h e  o p e r a t  Ton of i h e  I . a t c h e s  and 
d i s c u s s e s  a c o u r s e  of a c t i o n  to d e f l n t ?  q u a n t i t a t i v e l y  t h e  
l o a d s  t h a t  c o u l d  be  e x p e r i e n c e d  by  t h e  AAP c o n f i g u r a t i o n s .  

Ba c k g r  o u n d 
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P r i o r  to l a t e  196'7, t h e  CSM t u n n e l  was equ-fipped 
w i t h  f o u r  s emi -au tomat i c  and e i g h t  manual latches. The  
d o c k i n g  p r o b e  was equ ipped  f o r  a u t o m a t i c  r c t i 7 a c t i o n  s u c h  
t h a t  when p r o b e  c a p t u r e  o c c u r r e d ,  t h e  p r o b e  r.iou1.d 
i m m e d i a t e l y  retract, t r i g g e r i n g  the f o u r  s emi -au tomat i c  
l a t c h e s .  The r e m a i n i n g  l a t c h e s  would t h e n  be s e t  m a n u a l l y .  
The p r e - l o a d  on t h e s e  3.atches was 6 0 0  l b s .  e a c h  ( R e f e r e n c e  1). 
These l a t c h e s  were l a t e r  rep l .aced  w i t h  t h e  p r e s e n t  a u t o m a t i c  
l a t c h e s  t h a t  are t r i g g e r e d  when t h e  two dock:ing i n t e r f a c e s  
come w i t h i n  a p p r o x i m a t e l y  .1.05 i n .  o f  e a c h  o t h e r ,  and have  
a p r e - l o a d  o f  2 7 0 0  l b s .  e a c h .  T h e  a u t o i n a t i c  p r o b e  r e t r a c t l o n  
mode has been  removed, and t h e  p r o b e  i s  now r e t r a c t e d  by a 
command f rom t h e  CM. . .  

Docking Tunnel  Loads _ .  

The p r i m a r y  c o n c e r n  due  to. t h e  o p e r a t i o n  o f  t h e  
a u t o m a t i c  l a t c h e s  is t h e  b e n d i n g  moment i n d u c e d  i n  t h e  t u n n e l  
s t r u c t u r e .  The p r e s e n t  docki.ng p r o c e d u r e  is a s e q u e n t i a l .  
o p e r a t i o n  i n  t h a t  p r o b e  c a p t u r e  5s  fil-st p e r f o r m e d ,  r e s i d u a l  
r a t e s  be tween the  CSM and LM are  t h e n  damped o u t ,  t h e  CSM and 
LM,are  a l i g n e d  as c3 .ose ly  as p o s s i b l e ,  and t h e n  t h e  p r o b e  i s  
r e t r a c t e d .  T f  mi s -a l ignmen t  ex:i.sts, one edge  of  t h e  t u n n e l  
i n t e r f a c e s  wi1.l c o n t a c t  f t r s t ,  and  t h e  s e q u e n t i a l  o p e r a t i o n  
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o f  t h e  l a t c h e s  can  i.ndu.cc a ro ta t2  o r i a ~ l  3.nertj.a 01- "wh:i.p" as  
t h e  3 i i t e r f ' a ces  close. I f  al:'LC;nmcnt i s  pe l -Tec t  prior t o  
p r o b e  r e t r a c t , l o n ,  b u t  a C . G .  o f f s e t  exIi.sts i.n s a y  t h e  LIY, 
t h e n  as t h e  p r o b e  i s  r e t r a c t e d  t h r o u g h  the  1.0 3.n. o f  t r a v e l . ,  
a mis -a l ignmen t  c a n  o c c u r  p r i o r  t o  j .n te i - face  c o n t a c t .  The 
c a u s e  of t h e  poss:ibl .e h i g h  load5.ng ris t h e  t r i g g e r i n g  gap 
on t h e  latches, whfch i s  .1.05 . i n . ,  and the l a t c h  p re - load  
of  2800 l b s .  e a c h ,  which a c t s  t o  close t h e  gap  between t h e  
t u n n c l  i n t e r f a c e s .  

FOP t h e  Apoll.0 c o n f i g m a t i o n s ,  w i t h  a l l  l a t c h e s  
o p e r a t i n g ,  t h e  worse c a s e '  bendring niomei-it i s  454,000 i n .  - 1 b s .  , 
a n a l y s i s  was d3.scussed wlth D .  Wade of MSC on May 2 2 .  The 
ref e r e n c e  r e p o r t  l i s t s  resu l t : ;  f rom a d i g i t a l .  program tha t  
has been  d e v e l o p e d  a t  MSC,  and checked  a g a T n s t  dynamic 
d o c k i n g  t e s t  f a c i l j . t y  r e s u l . t s ,  which u t i l i z e d  f l i g h t  t y p e  
p r o b e  d rogue  and  t u n n e l  5 .n t e r f ace  structures 3.n a m e c h a n i c a l -  
h y d r a u l i c  s i m u l a t o r .  The d a t a  5.iiput' t o  thc: d ig i t a l .  program 
c o n s i s t  o f  p r o b c  drogEe e1astj .c proper 'c les  (3-i s c r e t e  dock; n g  
i .ni ;erface elast3.c p r o p e r t i e s ,  CSM and  LM i n c r t i a l  and e l a s t i c  
body properties, probe retraction force, and l a t c h  r c t r a c t l o n  

. f o r c e s .  To v e r i f y  t h e  d i g i t a l  program some 2500 dockLng 
t e s t s  have  been  perfor ined u s i n g  tlie d o c k i n g  t e s t  f a c i l i t y .  
A s  s u c h  MSC has h i g h  c o n f i d e n c e  i n  t h e  val.:i.dity o f  t he  
r e s u l t s ,  and has deve loped  a good u n d e r s t a n d i n g  of  t h e  
docktrig response and t h e  e f f e c t  of  t h e  nuiiierous v a r i a . b l e s  
i n v o l v e d .  

..,: l y L . c I , ,  f- h 8 3" n!is--?:!..i-~3;!?!?!"l?i; (Hef 'erencc 2) . The method of 

.: The r e p o r t e d  l o a d s  p o s e  no prob3.em t o  the  Apollo 
program; CM-102 and LYA-3 were e a c h  t e s t e d  t o  a l i r n j t - l o a d  
moment of  6 1 0 , 0 0 0  i n .  - 1 . b ~ .  IIowevcr, the AAP mu1 t f i p l e  
d o c k i n g  a d a p t e r  dock ing  t u n n e l s  a r e . p r e s e n t 1 . y  desi.p;ned t o  a 
1 l . m i t  load of 3OO,OOO i n . - l b s .  The i n e r t i a l  and e l a s t i c  
c h a r a c t e r i s t i c s  of  the  AAP c o n f i g u r a t i o n s  a r e  c o n s i d e r a b l y  
d i f f e r e n t  f rom t h e  Apo l lo  conf igu i?a t j . ons ,  and i t  would be 
extreme1.y d i f f i c u l t  i f  n o t  Tmposs ib le  to e x t r a p o l a t e  AAP 
l o a d s  from t h e  Apollo d a t a .  

The. Apol lo  l a t c h i n g  l o a d s  document was d i s c u s s e d  
w j t h  E .  Ream o f  MSFC and G .  Pfaff of the M a r t i n  Company a t  
M S F C  on  May 2 3 .  N e i t h e r  M a r t i n  n o r  MSFC has a d o c k i n g  
a n a l y s i s  program e q u i v a l e n t  t o  t h e  one p r e s e n t l y  i n  o p e r a t j o n  

- a t  MSC. 

Coui?se o f  Act j.on _ _ _ _ _ _ _ _ ~  
T h e  AAP s p e c i f l c a t l o n  f o r  b e n d i n g  moment on t h e  

d o c k i n g  ports o f  t h e  m u l t i p l e  d o c k i n g  a d a p t e r  has been  s e t  
a t  3 0 0 , 0 0 0  i n . - l b s . ,  and was based.  on 1-oads i .nduced dur2.nC; 
d o c k i n g  : impact.  A s  p r e s e n t  l.nf'orination f rom t h e  Apo3.10 



A t  present, t h e  only o p e r a t i o n a l  test: inC; 
fac.il.:i.ty and a n a l y t i c a l  c a p a b i l i t y  appl icab1 .e  i s  a t  MSC, i n  
t h e  S t r u c t u r e s  and rJlecllan:i.cs 113 v i s i o n .  To p e r f o r m  t h i s  
anal.y:;is, MSC w o u l d .  reu,u:'Ll-e i n e r t i a l  and  e l a s t f i c  body 
prdopert ies  f o r  t h e  AAP conTigurations, infor inat3 or1 t h e y  
p r e s e n t l y  do n o t  h a v e .  A s  test p r o t o t y p e s  o f  t h e  m u l t i p l e  
dockZng adapter have  been  f a b r i c a t e d ,  and  t h e  s t r u c t u r a l  
design e s t a b l i s h e d ,  t h e  magn:i.tude of t h e  l a t c h  1oad;Lng for 

p0ss:i:bl.e 1.nipact on t h e  program, and  to def  $ne a c c e p t a b l e  
m o d l f ' i c a t l o n s  t o  t h e  s t r u c t u r e s  or l a t c h e s ,  i f  n e c e s s a r y .  
MSC f.s wel l  equ ipped  t o  pe r fo rm t h e  t a s k ,  j.f g i v e n  t h e  

A:l1p c o i - ~ f i ~ . ; U j : ~ t l ~ ~ S  should b e  dcter:;:j.zcd s ~ ~ n >  tr.n m-i n j  1n:ize 

' n e c e s s a r y  I n f o r m a t i o n  on the AAP conf'li g u r a t i o n s  . 
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